With increased demand for coal, the Pennsylvania Department of Environmental Resources (PaDER) has received numerous permit applications for surface coal mining in the Stony Fork drainage basin. The U.S. Geological Survey, in cooperation with PaDER, studied the effects of mining on water quality in the basin.
This report assesses the effects of surface coal mining on the quality of water in the Stony Fork basin in southwestern Pennsylvania. The assessment is based on analysis of monthly surface-water samples that were collected at six sites in the basin to establish water-quality characteristics and trends ( fig. 1) . Comparisons of streamflow, suspended-sediment and water quality at two gaging stations one upstream from mining, the other downstream from mining were used to determine surface-water-quality changes caused by mining. (Hickok and Moyer, 1971, p. 20-21) . The basin is a rural area containing about 40 percent cropland and pasture and 60 percent forest. PaDER classifies Stony Fork as a high-quality, cold-water fishery.
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Climate
The climate of the study area is classified as humid continental with warm summers and cold winters. Temperatures ranges from 95°F in July to 0°F in January. Precipitation is well distributed throughout the year; annual precipitation for the 1978-80 water years^ was 47.0, 47.5, and 45.6, inches, respectively.
Geologic Setting
Bedrock units in the Stony Fork drainage group and the overlying Conemaugh group Preston anticline about midway between the Laurel Hill anticline. Originally, it was Mahoning coals of the Conemaugh group were core hole drillings (1980) show that the is the Upper Kittanning of the Allegheny Kittanning coal is from 1 to 5 feet thick, sandy shale or thin-bedded sandstone, and the (Hickok and Moyer, 1971 
Previous Investigations
The Pennsylvania Department of Environmental Resources, Bureau of Topographic and Geologic Survey published a county wide investigation by W. 0. Hickok, IV and F. T. Moyer (1971) Normally, mining continues until removal of the overburden becomes uneconomical. The high ridge of overburden along the down slope perimeter of the mined area is subject to erosion, landslides, and mineral weathering. A diversion is constructed at the base of the ridge to transport surface water runoff to a sedimentation pond. The sedimentation pond should allow sufficient retention time for soil particles in the water to settle.
In haul-back surface mining, the excavation is made perpendicular to contour lines. Overburden removed from a new cut is placed in the pit of the previous cut. The spoil ridge is along the edge of the mine area, and reclamation can be integrated into the mining schedule, and generally less overburden is exposed than with contour mining. Erosion, landslide and mineral decomposition problems are reduced and reclamation costs less because the overburden material is handled only once. A diversion and sedimentation pond similar to those described for contour mining are also used for this method.
Location and Description of Surface-Mine Areas
Four surface mines, shown as A, B, C, and D on figure 3, were intermittently active during the data collection phase of this study. Coal production and characteristics of the surface-mine areas are given in tables 1 and 2 respectively. The area disturbed by surface mining increased from 0.04 to 0.44 square miles (0.5 to 5.5 percent of the study area) from October 1977 through September 1980 ( fig. 3 and 4) . 
Acid-Mine Drainage
The removal of overburden during surface mining may expose pyritic material which, when oxidized, may produce acid-mine drainage. Pyrite (FeS2), a mineral commonly found in coal and the overlying strata, oxidizes when in contact with air and water to produce iron oxides, hydrogen ions and sulfate. The amount and rate of pyrite oxidation depends on the composition of pyrite exposed, the amount and quality of water flowing over it, the circulation of air through the material, the presence of iron bacteria, and the amount of calcereous material present. As a result of pyrite oxidation, the pH of the final discharging water may be lowered to levels at which metals, such as iron, aluminum, manganese, and zinc become more soluble. Ferric hydroxide, Fe(OH)3, another product of pyrite oxidation, precipitates out of solution as the mine drainage comes in contact with oxygenated stream water or air, and covers the stream bottom as yellow-orange precipitate (yellowboy). Other metals in solution will also precipitate as the water becomes more basic. Soil erosion and deposition involves the detachment, transport and subsequent deposition of soil particles. The soil particles are detached from the ground by raindrop impact and water movement and transported down slope by flowing water (Haan and Barfield, 1978, p. 178) . Soil erosion is influenced by soil properties, land slope, length of slope, climate, amount and intensity of rainfall, and the type and percent of vegetative ground cover (Grim and Hill, 1974, p. 101) . Surface mining changes several of the factors influencing soil-erosion rates and can increase the volume of sediment available for transport.
HYDROLOGIC DATA COLLECTION
Hydrologic data collected for this study include streamflow, suspended sediment, water quality, and precipitation. These data are published in the U.S. Geological Survey water resources data for Pennsylvania .
Gaging stations were established at site 1 and 5 in May 1977. At each gaging station, a water-stage recorder continuously recorded the elevation of the stream's surface (stage). Periodic measurements of water discharge were also made. Stage was converted to water discharge by means of a stagedischarge relationship. From October 1977 to September 1980, measurements of specific conductance, pH, and temperature were recorded continuously at sites 1 and 5 with U.S. Geological Survey water-quality monitors. From June 1977 to September 1980, precipitation was recorded graphic rain gage; a precipitation quality sa December 8, 1978. at site 5 using a recording mple was collected at site 5 on From October 1977 to September 1980 suspended-sediment samples were collected at sites 1 and 5 with PS-69 automatic pumping samplers. Depthintegrated samples were collected during medium and high flows and compared to the point samples taken by the automatic sampler for the purpose of rating the automatic sampler. During low-flow periods, suspended-sediment samples were collected by hand with DH-48 and DH-59 samplers (Guy, 1970, p. 4-6) . Sediment concentrations were determined using a filtered dry-weight method (Guy, 1969, p. 11-13) . Daily mean water discharge, sediment concentrations, and sediment discharge were calculated for each of the two stations according to the techniques described by Porterfield (1972) .
Location of Sampling Sites
Begining in October 1977, water-quality samples were collected monthly at six sites ( fig. 1) . A complete list of the sampling sites and drainage areas is given in table 3. (table 4) . The magnitudes of these differences are within the error of measurement of runoff. The average runoff was 27.2 inches or 58 percent of the total precipitation at site 1, and 27.4 inches or 59 percent at site 5. The closeness of the plotted points to the line of equality in figure 5 also indicates that the monthly runoff totals of sites 1 and 5 were not altered by surface mining during the study period. 
Suspended-Sediment Yield
Variables that influence sediment and runoff include, soil type, rock type, land use, rainfall amount and intensity, antecedent soil moisture, slope, vegetation, drainage area size, and climate. The effect of land use change on suspended-sediment in streams can be evaluated by comparing unitarea sediment yields upstream and downstream of the altered area. This suspended-sediment yield ratio (SSYR) was used has the unit-area suspended-sediment yield of to evaluate impacts. An SSYR the upstream site (site 5) in the denominator and the unit-area suspended-sediment yield for downstream site (site 1) in the numerator.
The ratios for water years 1978-80 were 0 tively. For 1978, the SSYR of 0.53 indicates .53, 1.04 and 1.08, respecthat about half as much suspended-sediment per unit area was carried by the stream at site 1 as at site 5. This relationship was altered following mining when the suspendedsediment yield at site 1 increased over the yield at site 5.
A plot of the cumulative monthly suspended-sediment yields at site 1 as a function of yields for site 5 ( fig. 6 ) shows line at the end of 1978. The location of a specific point or month where the slope changes is not clearly definable, but there is an area of transition from one slope to the other in December 1978. that there has been an increase the suspendedrelative to site 5. The relation between peak flow at site 5 and 1 for 1978-80 is shown in figures 7 and 8, respectively. A least squares technique was used to determine coefficients for the equation y=axb, where y = suspended-sediment yield, x = regression coefficients (Riggs, 1968, p.7) . Regression coefficients and standard errors of estimate for each year for a change in the slope of the The change in slope indicates sediment discharge at site 1 flow minus the pre-storm basedischarge, and a and b are both sites are given in table 5 The regression lines and data points for site 5 ( fig. 7) overlap, indicating that all the data are from the same population; in other words, the storm sediment yield characteristics of the site have not changed measurably over this period.
At site 1, the relation of suspended-sediment yield to the increase in discharge during storms ( fig. 8) indicates that the suspended-sediment yield for a given increase in discharge was much higher in 1979 and 1980 than in 1978. The change of the relation and the increased scatter of the 1979 and 1980 data are indications of increased sediment yields due to mining Tables 6-10 show a summary of 6 and 10 show daily mean Monthly mean water temtoth sites have similar tem-C during July and August, and uary. The maximum and mininaximum and minimum temperatures not indicate increases in mining at site 1.
measured at site 5 were 7.9 and site 1 were 7.7 and 4.8, respectively. Minimum pH values of 4.9 and 4.8 at site 1 occurred during storms in July and August 1980, respectively. On July 2J8 and 29, 1980, the pH of storm runoff at site 1 decreased from 7.0 before the storm to 5.4 during the storm and returned to 6.8 after the storm ( fig. 11 ).
conductance Values of specific conductance were slightly site 5. The highest monthly specificof low discharge (summer) when ground water age of streamflow, and the dilution effects of The lowest monthly values were during high winter and spring months ( fig. 12 ).
Monthly maximum and minimum specific conductance at sites 1 and 5 are shown in figure 13 . A maximum value of 498 yi higher at site 1 than at values were during months contributed the largest percentsurface runoff were minimum, discharge snow-melt periods in the /cm occurred at site 1 during a period of low flow in September 1980. Several other high values occurred during winter periods due to road-salt washoff. Figure 14 shows hourly values of specific conductance, pH, and discharge at sites 1 and 5 during a low-flow period in September 1980. The specific conductance at site 5 stayed near 100 yS/cm, but, at site 1, increased from almost 120 to almost 400 yS/cm and then decreased to 145 yS/cm during a 24-hour period. The increase in conductance at site 1 was due to the pumping of treated water from a mine upstream. The base-flow specific conductance at site 5 ranged from an average of 60 yS/cm at 2 ft^/s to an average of 110 yS/cm at 0.06 ft 3 /s ( fig. 15 ).
The base-flow specific conductance at site 1 ranged from an average of 60 yS/cm at 20 ft 3 /s to an average of 130 yS/cm at 0.6 ft 3 /s during 1978. During water years 1979 and 1980 the scatter of the values increased relative to 1978 ( fig. 16 ). The notably increased scatter in specific conductance, for 1980, was due to the discharge of treated mine water and the mine discharge at site 6. to base-flow discharge at site 1, Acidity values ranged from a maximum of 14 mg/L at site 3 (table 8) to a minimum of 1 mg/L at sites 1, 2 and 4 (tables 6, 7 and 9). Alkalinity values ranged from a maximum of 118 mg/L at site 2 (table 7) to a minimum of 1 mg/L at sites 1 and 4 (tables 6 and 9). Values of acidity and alkalinity in the study area do not show changes normally associated with mining activity. This may be the result of dilution occurring between a given sampling site and the downstream location. Overall, the water within the study area maintained a low buffering capacity and showed no consistent change during the period of investigation. This may be the result of a relatively small amount of land affected by mining in the basin and the possibility that water quality effects appear as slugs during storm events and therefore may not be observed during monthly sampling.
Dissolved sulfate concentrations ranged from a maximum of 100 mg/L at site 1 (table 6) to a minimum of 3 mg/L at sites 3, 4 and 5 (tables 8, 9 and 10). Higher dissolved sulfate values were found at Stony Fork near Elliottsville (site 1) downstream of the mining activity than at site 5. The higher sulfate values may be the result of high amounts of pyrite commonly present in the coal deposits.
Iron and aluminum are widespread and fairly abundant components of rocks and soils, especially clay soils where it is usually a major constituent. Dissolved aluminum concentrations ranged from a maximum of 500 Pg/L at site 5 (table 10) to a minimum of 10 pg/L at sites 1,3, 4 and 5 (tables 6 and 8-10). Dissolved-iron concentrations ranged from a maximum of 840 Pg/L at site 2 (table 7) to a minimum value of 50 pg/L at site 1 (table 6) . Several values exceeded recommended US EPA and PaDER levels for iron. Site 2, a small tributary to Stony Fork, has the highest dissolved iron values. This site is a pond outflow that drains a reclaimed portion of mine C ( fig. 3 ). This accounts for the high value of dissolved iron. It should be noted that site 1 does not have high iron levels relative to site 5. This condition suggests that the iron is in particulate form and therefore is not observed as dissolved iron during sampling.
Dissolved manganese concentrations ranged from a maximum of 1,370 pg/L at sites 1 and 2 (tables 6 and 7) to a minimum of 50 Pg/L at sites 1, 4 and 5 (tables 6, 9 and 10). Dissolved-zinc concentrations ranged from a maximum of 70 pg/L at site 4 (table 9) to a minimum of 10 pg/L at sites 1 through 5 (tables 6-10).
Trace elements are those elements that are found naturally in extremely small quantities. Collection of stream samples for the analysis of dissolved trace elements began in October 1977 and continued semiannually until September 1980. Eleven elements were analyzed: Arsenic, beryllium, cadmium, chromium, cobalt, copper, lead, mercury, nickel, selenium and silver. Concentrations of arsenic, beryllium, cadmium, chromium, copper, lead and selenium typically were less than 10 Pg/L. Cobalt and silver concentrations were less than 1 Pg/L. Concentrations of mercury and nickel were less than 0.5 pg/L and less than 20 Pg/L, respectively. Concentrations of most trace metals were below the recommended levels established by the Environmental Protection Agency (1977) . Table 11 shows the EPA recommended and mandatory water-quality criteria for selected constituents. 1977 Protection Agency (1975 . , p. 5957).
A precipitation sample was collected at site 5 for chemical analysis on December 8, 1978 , between noon and 5 p.m. Field analyses (pH, alkalinity, acidity, and specific conductance) were dond at 5 p.m. as the sample was being prepared for the laboratory (table 12 ). The precipitation sample, which had a pH of 4.5 and a specific conductance of 12 yS/cm, was poorly buffered (low alkalinity). The acidity of the precipitation sample was only 4 mg/L, which is similar to that of Stony Fork. This data suggests that acid precipitation may be partly responsible for pH depressions during storm runoff.
Although acid precipitation may be responsible in part for pH depressions, this is not the case for increased metal concentrations. Analysis of the rainfall sample shows that generally, the precipitation contained low levels of metals that are associated with acid mine drainage. This suggests that increases in these metals (Aluminum, Iron, ^nganese and Zinc) would not be the result of acid precipitation.
Acid-mine drainage remains a major water-quality concern especially in the poorly buffered waters within the study area. As a result of acid-mine drainage, the pH may be lowered sufficiently to keep metals such as aluminum, iron, manganese and zinc in solution. If present in high enough concentrations, these metals, particularly aluminum, can be harmful to aquatic communities. Ferric hydroxide Fe(OH3), is £i common precipitate that occurs as a yellow-orange material (yellow boy) tha.t can coat stream bottoms. This coating can harm the habitats and spawning grounds of fish. Acid-mine drainage can also contribute to increased concentrations of acidity, dissolved solids and dissolved sulfate. As part of the monthly water-quality sampling program, the discharge from an underground mine (site 6, fig. 1 ), on the northwestern perimeter of surface-mine B ( fig. 3) , was sampled. The underground mine, 3.5 acres in area, collapsed and was subsequently backfilled as the result of surfacemining operations at mine B. The disturbance of the coal pillars and overburden in the underground mine exposed new rock and coal surfaces to weathering, which caused increases in acidity and sulfate and iron concentrations. Differences in the quality of the underground mine discharge in samples collected in June and July 1978 were noted. Between July 1978 and August 1979, the quality differed because mine B operations in the area channeled surface runoff though the underground mine and pumpage of sub-surface drainage occurred. A comparison of the quality of samples collected before and after mine collapse is given in table 13. Prior to surface mining of the area, the mean pH was 3.A, and after backfilling the mean pH was 3.6. If only pH were examined, the mine-discharge quality of site 6 would look as if it had returned to premining conditions. However, the pH does not reflect changes in the other chemical properties summarized in table 13. The mean values of specific conductance, acidity, and dissolved sulfate and dissolved iron after backfilling increased 293, 200, 1,300, and 290 percent, respectively, when compared to premining values. Streamflow, suspended-sediment, and water-quality data collected at gaging stations upstream and downstream of mined areas indicate hydrologic changes have occurred in the watershed as a result of mining. Total runoff measured at the gaging stations changed slightly; however, this change may not reflect mining during the study period, 3ut rather the error of measurement for runoff. Surface mining increased tie suspended sediment yield during storms as a result of reclamation activities, which placed highly erodible soils on overburden before vegetation could be established. The suspended-sediment-yield ratio at site 1 nearly doubled following surface mining. Specific conductance was highly variable during storm runoff but generally varied inversely with flow and increased slightly during the study period. Treatment of mine drainage before it leaves the mines increased the specific conductance of baseflpw periods. No significant variations of pH occurred between sites 1 an<l 5. The pH ranged between 7.9 and 4.8; values below 6.0 usually occurred during storm runoff periods. An analysis performed on a precipitation sample may be partly responsible for reduced pH during storms.
Higher mean values of dissolved sulfates site 5, suggest that mining activity increas constituents. However, dissolved iron and remained below recommended limits. The show significant trends between sites 1 and 24
suggests that acid precipitation and zinc at site 1, relative to ed the concentrations of these aluminum concentrations generally remaining chemical properties do not -GLOSSARYBase-flow. Sustained or fair weather runoff. In most streams, base-flow is composed largely of groundwater effluent.
Bedrock. Unbroken solid rock, overlaid in most places by soil or rock fragments.
Calcareous. Containing calcium carbonate.
Cubic feet per second per square mile. The average number of cubic feet of water per second flowing from each square mile of area drained by a stream, assuming that the runoff is distributed uniformly in time and area.
Drainage basin. A part of the surface of the earth that is occupied by a drainage system, which consists of a surface stream or a body of impounded surface water together with all tributary surface streams and bodies of impounded surface water.
Evapotranspiration. Water withdrawn from a land area by evaporation from water surfaces and moist soil and plant transpiration.
Gaging station. A particular site on a stream, canal, lake or reservoir where systematic observations of gage height or discharge are obtained.
Hydrograph. A graph showing stage, flow, velocity or other property of water with respect to time.
Infiltration. The flow of a fluid into a substance through pores or small openings.
Overburden. Rock and strata above the zone of interest.
-GLOSSARY Continued
Precipitation. The discharge of water in liquid or solid state, out of the atmosphere, generally on a land or water surface.
Rainfall. The quantity of water that falls a4 rain only.
Recession. The part of a hydrograph showing the decreasing rate of runoff following a period of rain or snowmelt.
Regression line. The plot of a line which best represents the trend of the data.
Runoff. That part of the precipitation that Appears in surface streams.
Sediment. Fragmental material that originates; from the weathering of rocks that is transported, suspended, or deposited, by water or air in beds by other natural agents.
Sediment discharge. The rate at which dry weight of sediment passes a section of a stream or the quantity of sediment, as measured by dry weight, or by volume, that is discharged in a given time.
Soil. All unconsolidated materials above bedrock.
Soil moisture. Water diffused in the soil; the upper part of the zone of aeration from which water is discharged by the transpiration of plants or by soil evaporation.
Streamflow. The part of surface runoff traveling in a stream whether or not it is affected by diversion or regulation.
